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En la cuenca de Sidi Chennane en Marruecos, 
existen inclusiones estériles de caliche que 
GL¿FXOWDQODH[WUDFFLyQGHODVURFDVIRVIDWDGDV\
















are hard to detect and interfere with phosphate 
H[WUDFWLRQ $ 6FKOXPEHUJHU UHVLVWLYLW\ VXUYH\
over an area of 50 hectares was carried out. 
7KH6DYLW]N\*ROD\¿OWHULQJPHWKRGZDVXVHG












ZKLFK KHOSPDSSLQJ WKH SKRVSKDWH GHSRVLW
LQFOXVLRQV DQG WKH HVWLPDWLRQV RI SKRVSKDWH
UHVHUYHVZHUHLPSURYHGDQGEHWWHUFRQVWUDLQHG
.H\ZRUGV 0RURFFDQ SKRVSKDWH JHRHOHFWULF
SURVSHFWLQJHOHFWULF5HVLVWLYLW\6FKOXPEHUJHU
GHQRLVLQJ6DYLW]N\*ROD\
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$EGRXQ EDVLQ VLWXDWHG QHDU .KRXULEJD 7KH
H[LVWHQFH RIPRURFFR VHGLPHQWDU\ SKRVSKDWH
URFNKDVEHHQNQRZQVLQFHLQWKH0HVNDOD
EDVLQ EXW LW KDG QRW JHQHUDWHG VLJQLILFDQW
LQWHUHVWXQWLOWKHGLVFRYHU\LQRIWKH2XODG
$EGRXQEDVLQ
The geological investigations carried out in 
Sidi Chennane phosphatic deposit in the Oulad 
$EGRXQEDVLQUHYHDOHGDSKHQRPHQRQRIVWHULOH
KDUGSDQ WKHVH VWHULOH ERGLHV DUH IRUPHG E\
DFFXPXODWLRQV RI VLOLFL¿HG OLPHVWRQHV RU E\
OLPHVWRQHEORFNVZLWKLQDQDUJLOODFHRXVPDWUL[
(Michard, 2008) which interfere with phosphate 
H[WUDFWLRQ DQG WKHLU UHVLVWLYLW\ LV KLJKHU WKDQ
WKH SKRVSKDWHULFKPLQHUDO UHVLVWLYLW\ 7KH
DSSOLFDWLRQRIWKHHOHFWULFSURVSHFWLRQPHWKRGV
FRQVWLWXWHVDVXLWDEOHPHDQVWRPDSWKHVHVWHULOH
ERGLHV LQ RUGHU WR HVWDEOLVK DPRGHO RI WKHLU










EDVLQ LQ0RURFFR ,W¶V ORFDWHG DERXW  NP
LQ VRXWKHDVW RI &DVDEODQFD 7KH SKRVSKDWH
GHSRVLWV RI 2XOHG $EGRXQ DUHD EHORQJV WR
WKH ZHVWHUQ 0RURFFDQ 0HVHWD FRPPRQO\
FRQVLGHUHGEHLQJVWDEOH7KHORFDOVHGLPHQWDU\
GHSRVLWV UHVXOWLQJ IURP D ODUJH WUDQVJUHVVLRQ
RFFXUUHG LQ PLG&UHWDFHRXV ,W FRQVLVWV RI
.FKLNDFKPDUO\OLPHVWRQHDQGJ\SVXP
RI &HQRPDQLDQ 7XURQLDQ ZKLWH OLPHVWRQHV
6HQRQLDQPDUO DQG \HOORZPDUO\ OLPHVWRQHV
SKRVSKDWLFVHULHVGDWHGIURP0DDVWULFKWLDQWR
<SUHVLDQ DQG /XWHWLDQ FDOFDUHRXV 7KHUVLWHDQ
VODE7KH1HRJHQHFRQWLQHQWDOGHSRVLWVFRYHU
ORFDOO\WKHPDULQHVHULHV
The loose phosphatic Levels exploited are 
FLWHGDFFRUGLQJWRWKHLUVXFFHVVLRQ.FKLNDFK
 /D\HU ,,, 0DDVWULFKWLDQ /D\HU ,,
3DOHRFHQH /D\HUV , DQG  ³IRUURZ´ $ DQG
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Figure 2/RFDOL]DWLRQPDSRIWKHVWXG\DUHD





LV DPHWKRG WR GHWHUPLQH ODWHUDO YDULDWLRQV
LQ HDUWK UHVLVWLYLW\ ZLWKLQ D OLPLWHG GHSWK
UDQJH 7UDGLWLRQDOO\ DUUDQJHPHQWV XVLQJ IRXU
HOHFWURGHVWZRFXUUHQWWUDQVPLWWLQJHOHFWURGHV
and two voltage-sensing electrodes) are used for 
HLWKHUYHUWLFDOVRXQGLQJVRUKRUL]RQWDOSUR¿OLQJ
For vertical soundings, the electrodes are 
DUUDQJHGV\PPHWULFDOO\DFFRUGLQJWRDFHQWHU
ZLWK LQFUHDVLQJ GLVWDQFHV EHWZHHQ HOHFWURGHV
XVHGWRH[SORUHGHHSHUGHSWKV,QWKHSUR¿OLQJ
PRGHWKHGLVWDQFHEHWZHHQWKHSRWHQWLDODQG
current dipoles (a dipole consists of a pair of 
OLNHHOHFWURGHVLVPDLQWDLQHGZKLOHWKHDUUD\LV
PRYHGDORQJWKHSUR¿OHOLQHIRUPDSSLQJODWHUDO
changes (Chouteau, 2001; Ouadif, 2011).
.%DED/%DKLDQG/2XDGLI
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:KHQXVLQJSUR¿OLQJWHFKQLTXHVDQHVWLPDWH
RI WKH HDUWK UHVLVWLYLW\ LV FDOFXODWHG E\ XVLQJ
WKH ZHOONQRZQ UHODWLRQ EHWZHHQ UHVLVWLYLW\
DQHOHFWULF¿HOGFXUUHQWGHQVLW\FDOOHG2KP¶V
/DZWKHJHRPHWU\DQGVSDFLQJRIWKHFXUUHQW
and potential electrodes. When the earth is not 
KRPRJHQHRXVQHLWKHULVRWURSLFWKLVHVWLPDWHG
YDOXH LV FDOOHG WKH DSSDUHQW UHVLVWLYLW\Supp , ZKLFKLVDQDYHUDJHRIWKHWUXHUHVLVWLYLW\LQWKH
PHDVXUHGVHFWLRQRIWKHHDUWK
Supp K V= Δ1
:KHUH.LVWKHJHRPHWULFDOIDFWRUWKDWGHSHQGV
RQWKHHOHFWURGHVDUUDQJHPHQW
7R FRYHU DOO WKH ]RQHV EHLQJ DEOH WR
EH GLVWXUEHG ZH FDUULHG RXW GXULQJ WKH
JHRSK\VLFDO SURVSHFWLRQ LQ D SDUFHO RI 
ha, 41 vertical electrical soundings then 
 UHVLVWLYLW\PHDVXUHPHQWV DV KRUL]RQWDO
SURILOLQJ 6<6&$/5 UHVLVWLYLW\ LQVWUXPHQW
,5,6 ,QVWUXPHQWV XVLQJ WKH ZHOONQRZQ
6FKOXPEHUJHUDUUD\LQRUGHUWRPDSWKHVSDWLDO







DUH YLVLEOH KHOSHG XV  WR GHWHUPLQH WKH
LQWULQVLF UHVLVWLYLW\ IRU WKH GLIIHUHQW WHUPV RI





OHQJWK RI WKHPHDVXUHPHQW GHYLFH IRU WKH
SUR¿OLQJ VXUYH\ $QRPDOLHV DUH LQ WKH XSSHU






UHVLVWLYLW\ PHDVXUHPHQWV REWDLQHG IURP
KRUL]RQWDOSUR¿OLQJZLWKPPDQGP
GHYLFH OHQJWK DUH SORWWHG RQ DPDS RI WKH
VXUYH\HGDUHDXVLQJ6XUIHUGHVNWRSVRIWZDUH
Kriging interpolation was used in order to create 
PDSVRIWKHFRUUHVSRQGLQJJHRSK\VLFDOGDWD
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 7KH NULJHGPDSV RI HOHFWULFDO UHVLVWLYLW\
GLVWULEXWLRQ $%  GHQRWH D KLJKHU PHDQ
UHVLVWLYLW\ GLVWULEXWLRQ UHSUHVHQWLQJ WKH
FDOFDUHRXV7KHUVLWHDQVODEHIIHFW




DIIHFW RQO\ WKH VXEVXUIDFH RI WKH SKRVSKDWH
series.
'HQRLVLQJJHRHOHFWULFDOGDWD
1RLVH LV RIWHQ D VLJQL¿FDQW LVVXH LQ HOHFWULFDO
UHVLVWLYLW\GDWD¿HOGGDWDUDUHO\FRPHVFOHDQ
WKXV UREXVW SURFHVVLQJPHWKRGV LV UHTXLUHG













6DYLW]N\ DQG *ROD\  LQWHUHVWHG LQ
VPRRWKLQJRIQRLV\GDWDREWDLQHGIURPFKHPLFDO
VSHFWUXPDQDO\]HUVGHPRQVWUDWHGWKDW¿WWLQJ






7KH OHDVW VTXDUHV GLJLWDO SRO\QRPLDO
VPRRWKLQJ ILOWHUV SRSXODUL]HG E\ 6DYLW]N\









WKH GLDJQRVLV 0DQ\ W\SHV RI ILOWHUV DUH
DYDLODEOH WR VPRRWKLQJ WKH QRLV\ (&* VLJQDO
*ROD\LVRQHRIWKH¿OWHUZKLFKFDQVPRRWKHQ
RXW WKH VLJQDOZLWKRXW GHVWUR\LQJ LWV RULJLQDO
properties[(Hassanpour 2007; Orfanidis 2010; 




the central point of the window with the value 
RI WKH SRO\QRPLDO DW WKDW SRLQW WR SURGXFH D
VPRRWKHGRXWSXW7KH6DYL]WN\*ROD\¿OWHULQJ















 represent the north coordinate of 
DJLGGHGSRLQWRIWKHUHVLVWLYLW\PDS
.%DED/%DKLDQG/2XDGLI
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Figure 60DSVRIWKHDSSDUHQWUHVLVWLYLW\IRUYDULRXV6FKOXPEHUJHUHOHFWURGHVVSDFLQJD$% PE$% 
PDQGF$% P
Geofísica Internacional
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7RGHVLJQWKHVH¿OWHUVZHKDYH¿UVWWRGHFLGH
RQWKHOHQJWKRIWKH¿OWHUNRUGHURISRO\QRPLDO






7R ¿QG WKHVH SRO\QRPLDO FRHI¿FLHQWV ZH
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c = (Mt M)ïMtU
7KH PDWUL[ LQYHUVLRQ H[SUHVVHV HDFK RI
WKH SRO\QRPLDO FRHI¿FLHQWV LQ F DV D OLQHDU
FRPELQDWLRQRIWKHURZVRI(Mt M)ïMtU. 
,PSRUWDQWO\WKHYDOXHRIWKHSRO\QRPLDODW
















7KH UHVLVWLYLW\ PDSV JHQHUDWHG E\ WKH
6DYLW]N\*ROD\VPRRWKHGGDWDDOORZHQKDQFLQJ
the qualitative interpretation of iso-apparent 
UHVLVWLYLW\LQ¿JXUHDQGWKHSRVWXODWHG





$ GHWDLOHG JHRHOHFWULF UHVLVWLYLW\ VXUYH\ LQ
a parcel of 50 ha was executed using the 
KRUL]RQWDO HOHFWULFDO SUR¿OLQJ DSSURDFK ZLWK
6FKOXPEHUJHU DUUD\ ,VRDSSDUHQW UHVLVWLYLW\
PDSVZHUH FRQVWUXFWHGDW HOHFWURGH VSDFLQJV
HTXDODQGPLQRUGHUWRVWXG\WKH
ODWHUDOYDULDWLRQVLQWKHJHRHOHFWULFEHKDYLRULQ
phosphatic series of Sidi Chennane.
,QWKLVSDSHUWKH6DYLW]N\*ROD\VPRRWKLQJ
PHWKRG LV XVHG WR GHQRLVH JHRSK\VLFDO GDWD

















E\ QRLVH LW WHQGV WR SUHVHUYH WKHZLGWK DQG
KHLJKW RI SHDNV LQ WKH VLJQDOZDYHIRUP 7KH
HI¿FLHQF\ RI 6DYLW]N\*ROD\ QRLVH UHGXFWLRQ
¿OWHULQJ HVWLPDWLRQ WHFKQLTXH LV VKRZQ WR EH
VLJQL¿FDQWO\EHWWHU
.%DED/%DKLDQG/2XDGLI
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Figure 9.0DSVRIWKHDSSDUHQWUHVLVWLYLW\UDZDQGVPRRWKHGGDWDIRU6FKOXPEHUJHUHOHFWURGHVVSDFLQJ$% P
.%DED/%DKLDQG/2XDGLI




$Q ,PSURYHG 6LJQDO 6HJPHQWDWLRQ 8VLQJ
0RYLQJ $YHUDJH DQG 6DYLW]N\*ROD\ )LOWHU
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